(30.2−x)− (3), revealing dissociation of the organoarsonate fragments in slightly acidic aqueous solutions followed by their rearrangement within the inner POT cavity.
INTRODUCTION
The combination of structural versatility, redox robustness, and the ability to act as multidentate ligands toward oxophilic heterometals renders polyoxotungstates (POTs), a large family of discrete polynuclear oxo complexes of W VI and W V ions, highly attractive for application in many areas ranging from catalysis, electrochemistry, photochromism, and magnetism to medicine. 1 Further expansion of these clusters' structural diversity can be achieved by their functionalization with organic moieties, e. g., organosilyl, organophosphonate and -phosphoryl, organotin, and other groups. 2 Until now, the reactivity of organoarsenic-based reagents toward POTs has received relatively little attention. While [R = CH 3 , n-C 3 H 7 , C 6 H 5 , C 6 H 4 (CH 3 ), p-C 6 H 4 (NH 2 ), p-C 6 H 4 (OH), p-C 6 H 4 (COOH), p-C 6 H 4 (CN), o-C 6 H 4 (NO 2 ), C 6 H 3 -4-OH-3-NO 2 , C 6 H 3 -4-OH-3-N(H)C(O)CH 3 , etc.] . 4k,5 These species were obtained by the direct condensation of tungstate ions with organoarsonates in aqueous media (pH 5−8) .
In order to prepare novel hybrid polyanions offering the potential for subsequent integration of magnetic metal ions, we explored the reactivity of organoarsonates with multilacunary POTs. The seminal, highly stable macrocyclic POT [H 7 P 8 W 48 O 184 ] 33− ({P 8 W 48 }) 6 was chosen for these experiments because it is regarded as highly stable and comparably inert toward substitution of its phosphate heterogroups and provides adequate coordination sites between its four {P 2 W 12 O 48 } building blocks. In {P 8 W 48 }, the latter are linked by oxo bridges into a wheel-shaped structure with a large inner cavity (approximately 1 nm in diameter), able to accommodate various transition and rare-earth metals as well as their oxo/ hydroxo clusters, e. g., in [Cu 20 X(OH) 24 (H 2 O, which can undergo several crystal-to-crystal transformations, resulting in structures of different connectivities (from 0D up to 3D). 9 An additional advantage of {P 8 W 48 } as the precursor for further functionalization is its solubility and stability in aqueous solutions in the unusually broad pH range from 1 to 8. 6 Very recently, we have reported the first examples of {P 8 W 4 8 } complexes with the main-group metals [K 4.5 1.90 (1.94 ); K, 1.98 (1.87); Li, 0.75 (0.78) ; N, 0.62 (0.66); P, 1.57 (1.55); W, 55.91 (53.9 Single-crystal diffraction data for KLD-1, KLD-2, and KL-3 were collected on a SuperNova (Agilent Technologies) diffractometer at 120 K with Mo Kα radiation (λ = 0.71073 Å) for KLD-1 and Cu Kα radiation (λ = 1.54184 Å) for KLD-2 and KL-3. The crystals were mounted in a Hampton cryoloop with Paratone-N oil to prevent water loss. Absorption corrections was applied numerically based on Gaussian integration over a multifaceted crystal model. 2 The SHELXTL software package 3 was used to solve and refine the structures. The structures were solved by direct methods and refined by a full-matrix least-squares method against |F| 2 with anisotropic thermal parameters for all heavy atoms (As, K, P, and W) with application of ISOR instructions for the refinement of some heavily disordered K cations. The K + counterions in the structure of KL-3 with the site occupancy factor less than 0.25 were refined in isotropic approximation. The relative site occupancy factors for the disordered positions of the K cations as well as O atoms of the crystal water molecules were first refined in an isotropic approximation with U iso = 0.05, then fixed at the obtained values, and refined without thermal parameter restrictions. No Li + positions and H atoms of the crystal water molecules have been located. H atoms of the phenyl rings of the PhAsO 3 2− and p-arsanilate ligands and the amino and methyl groups of p-arsanilates and the located dimethylammonium cations, respectively, were placed in geometrically calculated positions. Because of severe disorder, only 4 DMA + cations could be located in the structure of KLD-1 and no DMA + cations in the structure of KLD-2, while 7 and 3.5 DMA + counterions are present in these structures, respectively, based on elemental analysis. Because of this disorder, there are only 15 highly disordered water molecules in KLD-1 (with O site occupancy from 0.0625 to 0.5) out of 130, the number determined from elemental analysis and TGA for this compound. Similarly, the O positions for only 18.5 out of 92 water molecules were located in the structure of KLD-2. This is consistent with the large solvent-accessible volume remaining in the structures. For the overall consistency, the final formulas in the crystallographic data correspond to the compositions of the bulk materials determined by elemental analysis and TGA. The rather high values of R int for KLD-1, KLD-2, and KL-3
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Article (0.124, 0.134, and 0.135, respectively), combined with several violations of systematic absences, are consistent with the twinning issue (especially considering the needlelike shape of the crystals). Because we were unable to discern any pattern in the list of reflections for which F(obs) ≫ F(calc), we were not able to systematically remove composite reflections. Additional crystallographic data are summarized in Table 1 Single-crystal X-ray diffraction reveals that the structures of 1 and 2 comprise four {RAs V O} units [R = C 6 H 5 (1) and p-(H 2 N)C 6 H 4 (2) ] that are covalently bound to the two inner rims of the {P 8 W 48 } wheel through As−O−W bonds (Figures 1  and S1 ). The As V ions of the {RAs V O} groups in 1 and 2 occupy four of the eight available vacant sites of {P 8 (Figures 1 and S1 ). The bond lengths and angles within the {P 8 W 48 } framework and organic moieties are in the usual ranges (see Table S2 ). Two As V ions occupy opposite (alternating) coordination sites on one rim of the POT wheel, while the other two are located on the other rim, binding to opposite vacant sites, which are in orthogonal positions to the first two (Figure 1b, right) , −30 < h < +30, −30 < k < +30, −31 < l < +31
−27 < h < +27, −28 < k < +28, −35 < l < +35 (Figure 1b, right) : the O···O distance between the two O ions coordinated to one As V constitutes 2.65 Å for 1 and is in the range from 2.63 to 2.68 Å for 2, while the O···O distance between the corresponding O centers of the noncoordinated vacant sites is 3.39 Å for 1 and 3.21−3.36 Å for 2. This distortion probably limits the number of incorporated {RAs V O} groups to four (vs eight), even if larger L/POT ratios are used in the reaction mixture (e.g., 20:1 instead of 10:1), and is responsible for the geometry of the complexes because coordination of the {RAs V O} groups at the four specific positions allows minimization of the strain within the POT skeleton. Charge neutrality for KLD-2 requires the presence of four protons. The bond-valence-sum calculations 11 indicate that these protons are not likely associated with any of the O atoms of the polyanion (see Table S3 for details). At the same time, the relatively low pH used in the synthesis of 2 suggests protonation of the amino groups of the p-arsanilate ligands, similar to the situation observed for the p-arsanilate-functionalized polyoxomolybdates. Figure S8 ) shows two doublets (7.565 and 6.97 ppm) corresponding to the two pairs of symmetrically equivalent protons of the phenyl rings of the p-arsanilate ligands, while the signal of the NH 2 group protons overlaps with the strong H 2 O signal. The signals in the spectra of 1 and 2 are significantly shifted compared to those of noncoordinated phenylarsonate [7.765 (d), 7.70 (t) , and 7.60 (t) ppm] and p-arsanilate [7.565 (d) and 6.97 (d) ppm] anions ( Figures S7 and S8) , indicating the stability of 1 and 2 in an aqueous medium over the short time period of the 1 H NMR measurement.
The solution stability over longer time periods (1 h to 1 day) has been studied using 31 P NMR spectroscopy. On the basis of the crystal structures of KLD-1 and KLD-2, we expect only a singlet for both polyanions in case they are intact in solution. In addition, two overlapping signals at −6.9 and −7.1 ppm as well as a wider signal contribution downfield to these signals were observed in the solid-state 31 P MAS NMR spectrum for KLD-1 (at a rotation frequency of 15 kHz; Figure S9 ). The appearance of several signals is most likely due to disorder of K + cations bound in the inner cavity of the polyanion to phosphate O atoms that in the crystal lattice renders phosphates bound and not bound to K + nonequivalent. Solution 31 P NMR spectra were measured at room temperature in several media of various basicity and ionic strength, such as H 2 O (Figures S10 and S11), 1 M LiCl aq ( Figures S12 and S13 ), 4 M LiCl aq (Figures S14 and S15), 2 M Li 2 SO 4 /H 2 SO 4 buffer (pH 3.0; Figures S16 and S17), 0.5 M LiOAc (pH 6.76, Figures S18 and S19) , and 2 M LiOAc (pH 7.6; Figures S20 and S21 ) solutions as well as 0.5 Figure 1 . Structures of polyanion 2 in perpendicular views. WO 6 octahedra of the front (lime green) and rear (light blue) inner rims of the {P 8 W 48 } wheel defining the coordination sites for the p-arsanilate groups (in a ball-and-stick representation; front-facing H 2 NPhAsO groups, dark-gray bonds; As, dark green; rear-facing groups, light-gray bonds; As, rose). Dashed lines indicate deviation from the planar regular structure of {P 8 W 48 }. Color code: WO 6 , gray; PO 4 , yellow polyhedra; C, black; N, blue; O, red spheres. Some H atoms are omitted for clarity. See Figure S1 for the structure of 1. Figures S22 and S23) . While the compounds were well-soluble in water, heating has to be applied to dissolve KLD-1 and KLD-2 in Li-based media and in Tris buffer. Already 1 h after redissolution, the spectra of 1 and 2 in H 2 O and all Li-based media exhibit two sets of closely spaced signals: one at around −6.5/−7 ppm, and the other one slightly shifted upfield, while the exact positions, number, and relative intensities of these signals are changed after 1 day. These results are evident of at least partial decomposition of the polyanions, which most likely occurs by dissociation of the organoarsonate ligands. The cleanest spectra in these media and, in turn, best stability against hydrolysis were observed in 4 M LiCl solutions after 1 h, which exhibit main signals at −7.1 ppm (for 1) and −6.7 ppm (for 2), along with small upfield peaks at −7.6 ppm (1) and −7.3 ppm (2) (Figures S14 and S15), which compare well with the chemical shifts in the solid state and differ from the chemical shift for the P atoms of the noncoordinated {P 8 W 48 } wheels in this medium (−6.9 ppm). However, after 1 day, the spectrum of the same solution shows several overlapping signals, similar to the results obtained in the other tested media.
At the same time, the spectra of KLD-1 and KLD-2 solutions in 0.5 M Tris buffer (pH 7.6) exhibit a singlet at − 8.3 and −8.4 ppm, respectively, after 1 h, 4 h, and 1 day. The chemical shifts unambiguously differ from the signal at −8.0 ppm observed for non-functionalized {P 8 W 48 } in the same medium appearing along with additional small peaks, which strongly supports at least one-day stability of the organoarsonate {P 8 W 48 } derivatives 1 and 2 in this medium. Thus, the above results point to a significant potential of 1 and 2 to act as novel organically functionalized POM precursors in Tris aqueous solutions at pH 7−8. (b) there is an equimolar mixture of species with two and four organoa r s o n a t e s , [ ( H 3 Interestingly, the coordination mode of As V centers in 3 does not allow for a significant bending-type distortion of the POT wheel, as observed in 1 and 2 (Figure 2, right) . On the other hand, this results in significant distortion of the arsonate groups, as reflected by the much wider As−O bond length range in KL-3 [As−O POT = 1.55(2)−1.83(3) Å; As−O terminal = 1.69(3) and 1.91(4) Å] compared to KLD-1 and KLD-2. Another consequence is "compression" of the macrocylce toward p-arsanilate groups. Thus, distances between O atoms bound by As V centers constitute 2.74−2.75 Å, while the O···O separation of the remaining four vacant sites is 3.64−3.65 Å. The "compression"-type distortion of {P 8 W 48 } is not 
Article unprecedented and is commonly observed in its heterometal complexes, which do not possess C 4 symmetry. 7c,12 To test the ability of using polyanions 2 as precursors for magnetic organoarsonate-functionalized {P 8 0.4 ] (30.2−x)− (3) have been crystallized as the hydrated mixed K + /Li + salt as the product of these structural rearrangements. At the same time, the title polyanions appear to be stable in the time frame from 1 h to at least 1 day (depending on the medium) in slightly basic solvents (pH 7.6).
The presence of vacant sites that remain noncoordinated by As V centers in the inner cavity of the {P 8 W 48 } macrocycle in 1−3 and their feasible steric accessibility open perspectives for subsequent functionalization of the organoarsonate−POM hybrids by magnetic metal centers, an avenue that we are currently investigating.
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